3-Bromoacetyl-6,7-methylenedioxycoumarin, fatty acid, fluorescence labeling reagent, high-performance liquid chromatography
Coumarin derivatives have been known to be useful labeling reagents owing to their strong fluoroscence in solution, suitable molecular size, easy synthesis and good storage. Of these coumarins, 4-bromomethyl-7-acetoxy-1, 4-bromomethyl-6,7-dimethoxy-(BrDMC)2, and 4-bromomethyl-6,7-methylenedioxy-coumarins (BrMDC)3 were listed as highly sensitive reagents for carboxylic acids, which were mostly comparable in sensitivities or quantum yields to other reagents, e.g., 1-bromoacetylpyrene4, 3-bromomethyl-6,7-dimethoxy-lmethyl-2(1 H)-quinoxaline5, 9-anthryldiazomethane6, p-(9-anthroyloxy)phenacyl bromide', 9,10-diaminophenanthrene8, 9-aminophenanthrene9, and monodansyl cadaverine,lo Thus, 3-bromoacetyl-6,7-methylenedioxycoumarin (BrAMDC, Fig. 1 ) was sythesized in a search for the most excellent reagent regarding both reactivity and sensitivity among coumarins for carboxylic acids analysis. Free fatty acids in human blood plasma were readily labeled with BrAMDC under quite mild conditions.
Experimental

Apparatus
Proton nuclear magnetic resonance (1H-NMR) spectra were obtained with a JEOL JNM-GSX 500FT-NMR spectrometer employing tetramethylsilane as an internal standard. Absorption and fluorescence spectra were measured with a Hitachi 150-20 spectrophotometer and a Hitachi F-4000 fluorescence spectrophotometer, respectively. The fluorescence quantum yields were determined according to the method of Paker and Rees11, quinine sulfate in 0.5 M H2SO4 was used as a standard. Mass spectra were taken with a JEOL JMS-DX303 spectrometer. A Hitachi 655A high-performance liquid chromatograph was used, equipped with a Hitachi F-1050 fluorescence spectrophotometer (excitation wavelength 388 nm; emission wavelength 475 nm) and a Hitachi L-6200 solvent gradient device. A Unisil Pack 5C18-250A column (250X4.6 mm i.d.; particle size, 5 µm; GL Science Ltd., Tokyo) was used in a Hitachi 655A-52 column oven (ca. 30° C).
Synthesis of BrAMDC
BrAMDC was synthesized by bromination12 of 3-acetyl-6,7-methylenedioxycoumarin13, obtained in two steps from sesamol. To a solution of 3-acetyl-6,7-methylenedioxycoumarin (500 mg, 2.16 mmol) in dichloromethane (200 ml)-methanol (80 ml) was added tetrabuthylammonium tribromide (1.04 g, 2.16 mmol). After being stirred overnight at room temperature the solvents were evaporated to dryness under reduced pressure. The residues were recrystallized from ethanol to give 600 mg (90% yield) of BrAMDC as yellow needles. 
Labeling procedure
Stock solutions of fatty acids (100 mM each), BrAMDC (1 mM) and 18-crown-6 (1 mM) were pre- Fig. 1 Structure of BrAMDC.
ANALYTICAL SCIENCES OCTOBER 1992, VOL. 8 pared in acetone. A mixture of fatty acids (100 t1 each), BrAMDC (1 ml), 18-crown-6 (1 ml) and KHC03 (ca. 10 mg) in a screw-capped reaction vial was stirred at room temperature for 30 min. An aliquot (5 µl) of the reaction mixture was injected into a chromatograph.
Labeling of free fatty acids in human blood plasma The plasma (20 µl) obtained from fresh human blood was treated in the usual manner. 14 To a plasma sample in a reaction vial was added stock solutions (100 sl each) of BrAMDC and 18-crown-6 with KHC03 (ca. 2 mg). The mixture was treated in the manner stated above.
Results and Discussion
BrAMDC was readily prepared in three steps from commercially available sesamol using the methods of Fukui and Nakayama13 as well as those of Kajigaeshi et al.12 This compound was stable at room temperature in acetone for at least one day in a dark place.
The optimum labeling conditions with BrAMDC for fatty acids were determined on the basis of the results concerning the effects of reaction solvents, the reaction temperature, the amounts of reagent and catalysts, using lauric acid as a test compound.
Labeling of fatty acids was readily achieved at room temperature in the presence of such a weak base as potassium bicarbonate, indicating that BrAMDC obviously has a higher reactivity than that of other 4-bromomethylcoumarin reagents.l-3
In addition, as shown in Table 1 , the fluorescence quantum yields of AMDC-laurate in various solvents were definitely great compared with those of DMC-and MDC-laurate15, even in such less polar solvents as dichloromethane and benzene. These results suggest that the fluorescence characteristics of derivatives labeled with BrAMDC are especially convenient for choosing mobile-phase solvents to separate many analogous components, like fatty acids in blood.
Figure 2(A) shows a chromatogram of the derivatives obtained by labeling a mixture of seven fatty acids (lauric, myristic, palmitic, stearic, oleic, linoleic and linolenic acids) with BrAMDC. The peaks were clearly separated by the gradient elution of methanolacetonitrile-water as mobile phases and were identified with those of previously prepared authentic samples. The effects of the concentration of each solvent in the mobile phase on the fluorescence were negligible, as was expected from the quantum yields in methanol and acetonitrile (Table 1) . This method, furthermore, was applied to the determination of free fatty acids in human blood plasma (Fig. 2(B) ), the peaks of the seven acids used in this work could be easily assigned.
A new fluorescence labeing reagent, BrAMDC, was found to be a highly reactive and sensitive, and should be useful for labeling fatty acids in biological species.
